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Abstract

Background and aim: The injection of fentanyl usually causes coughing during induction of anesthesia. Based
on a few studies about effects of lidocaine and the fact there is no study concerning the effect of fentanyl on
fentanyl-induced cough in pediatric patients, the aim of this study was to compare the effectiveness of low dose
of fentanyl with lidocaine in prevention of fentanyl-induced cough in children.

Methods: This randomized double-blind controlled clinical trial study was conducted at Motahari Hospital
between February and August 2017 in Urmia (Iran). One hundred patients, aged 2-10 years, of class I or Il ASA
status who were candidates for elective herniorrhaphy under general anesthesia were en—rolled in this study.
They were randomly divided into three groups. One minute before the administration of 2 pg/kg fentanyl during
induction of general anesthesia, Group I received 1.0 mg/kg lidocaine (n=33), Group II received 0.5 pg/kg
fentanyl (n=34) and Group III received normal saline as a control group (n=33). The data were analyzed by
STAT version 13. The incidence and severity of cough were determined across groups by using ANOVA and
Chi-square tests. Multiple logistic regression was also used to examine the association between the outcome of
cough incidence and clinical interventions as the exposures after adjusting for study covariates.

Results: The highest incidence of cough was found in the Group III (54.5%) versus 32.4% and 21.1% in Group II
and Group I subsequently (p=0.02). We have also found significant difference in the incidence of cough among
group one and three (p=0.005), and among group two and three (p=0.045). No statistically significant difference
has been detected between group one and two. The severity of cough was significantly higher in Group III
compared to Groups I and II (p=0.01).The time of onset of cough was similar across groups. No side effects were
reported after intervention in this study

Conclusion: This study found that pretreatment with fentanyl 0.5mg/kg or 1mg/kg lidocaine is an effective
approach to reducing the incidence and severity of fentanyl-induced cough in children.

Trial registration: The trial was registered at the Iranian Registry of Clinical Trials (http://WW W.irct.ir) with
IRCT number: IRCT2016112027677N5.
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1. Introduction

Fentanyl as a selective p-opioid receptor agonist is the preferred narcotic in anesthesia, especially with respect to a
pre-induction adjunct agent. Major preferences of this drug include; rapid onset, the brief duration of action,
cardiovascular stability, and low histamine release. Despite the antitussive effects of opioids being well known,
fentanyl administration by intravenous bolus provokes coughing in up to 50% of patients (1-3). Fentanyl-induced
cough is usually a benign and self-limiting phenomenon, but rarely, it can be accompanied with some adverse
effects such as; rising intraocular, intracranial, and intra-abdominal pressures, which may require prompt treatment.
(4-5). Jong-In Han et al. demonstrated that fentanyl-induced cough (FIC) has a higher frequency in infants and
children (6). Oshima and colleagues suggested that young age is one of the important contributing factors for the
occurrence of FIC (7). Similarly, Yu et al. also observed a higher frequency of cough in infants and children induced
by fentanyl in daily clinical practice (8). Limited studies have been accomplished to lower the rate of FIC in children
(9, 10). It has been revealed that both mechanical and chemical-induced airway reflexes such as cough reflex, can be
alleviated by intravenous lidocaine administration (11). Gecaj-Gashi et al. found that even a low dose of IV
lidocaine can extensively subside fentanyl-induced cough among children (9). On the other hand, fentanyl was
categorized as an antitussive drug with many advantages as mentioned earlier (1-3) and some research has been
performed to evaluate effectiveness priming dose of fentanyl in preventing FIC in adult patients, with good results
(12, 13). Since results of studies to suppression of FIC with lidocaine in children are very limited (9) and to date no
research has been performed to evaluate effectiveness priming dose of fentanyl in preventing FIC in a pediatric
population, we designed this study to compare the effectiveness of the pretreatment low dose of intravenous fentanyl
with intravenous lidocaine on prevention of FIC in pediatric patients.

2. Material and Methods

2.1. Trial design and participants

This randomized clinical trial study was conducted between February and August 2017. This clinical trial study was
conducted in an Iranian governmental educational, pediatric hospital (Motahari Hospital). This hospital is the
referral center in Urmia, Iran. We selected the sample of study of all patients who had been referred to the hospital
for herniorrhaphy under general anesthesia. Oral midazolam (0.3 mg/kg) was administered to all of the patients 20
minutes before separation from their parents. After arrival to the operating room, standard monitoring including
electrocardiography, noninvasive blood pressure cuff, and pulse oximetry for vital sign recording; and intravenous
line were established, then patients received atropine (0.02 mg/kg).

2.2. Selection Criteria

The inclusion criteria were: The Patients who were comparable with American Society of Anesthesiologists physical
status (ASA) I or II (http:// www.asahg.org/clinical.physicalstatus.htm) aged 2-10 years, who were candidates for
elective herniorrhaphy under general anesthesia. The exclusion criteria were: body weight exceeding 20% of the
ideal body weight, emergency herniorrhaphy, a history of bronchial asthma, respiratory tract infection in recent 4
weeks, malformation of the tongue and oropharynx, and any medical history of allergy to local anesthetics. Figure 1
shows the CONSORT 2010 Flow Diagram of the study.

Assessed for eligibility (n=100)

Enrollment

Excluded (n=0)

\4
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Allocation v v v

Follow-Up
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0.5 pg/kg fentanyl
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Lost to follow-up (n=0) Lost to follow-up (n=0) Lost to follow-up (n=0)
v v v
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Figure 1. CONSORT 2010 Flow Diagram of the study
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2.3. Intervention

The interventions in this study were defined as intravenous 1.0 mg/kg lidocaine (Lidocaine was produced by
Aburaihan Pharmaceutical Co. Tehran-Iran) or 0.5 pg/kg fentanyl (Fentanyl was a product of Darou Pakhsh
Pharmaceutical Mfg. Co. Tehran-Iran) which was administered just one minute prior to the IV administration of 2
ng/kg fentanyl to induce general anesthesia. The control group, who received Normal Saline, were compared with
two invention arms to determine the study outcomes. A trained nurse who was blinded to patients’ allocation
prepared the syringes containing lidocaine, fentanyl, and normal saline just before induction of general anesthesia.

2.4. Outcomes

The primary outcome was defined as the cough incidence in each group. The time of onset and severity of cough
were secondary outcomes in this study. After fentanyl injection, the time of onset and severity of cough were
observed for two minutes and recorded by an anesthesiologist resident who was blinded to the study groups which
had been given to the patients. The severity of cough was graded into three categories based on previous studies (9,
10, 12) from the number of induced coughs (mild, 1-2; moderate, 3 - 4; and severe, >5). Assisted mask ventilation
with oxygen was applied in cases which they had SpO, less than 95%, apnea, and/or muscle rigidity after fentanyl
administration (these instances were also recorded). Apnea was defined as a pause in breathing that lasts more than
15 seconds. A muscle tone that imposed difficult or impossible ventilation was considered as muscle rigidity.
Finally, anesthesia was induced with propofol 2pug/kg and atracurium 0.5 mg/kg and maintained with isoflurane 1.3
% and a mixture of oxygen and nitrous oxide (50% for each).

2.5. Sample size

The sample size of the study was calculated based on the previous paper) 10) demonstrating 34% of FIC incidence
and assuming that the odds of developing cough in intervention arm relative to control group are 5%. We needed to
study 28 case patients and 28 control patients to be able to reject the null hypothesis that this odds ratio equals 1
with probability (power) 0.8. The sample size was increased to 33 patients per group considering the sample attrition
for any reason.

2.6. Randomization and blinding

One hundred patients were recruited as eligible population and assigned to one of three arms by using computer
generated numbers. A concealed envelope was used to assign participants for each arm. A trained nurse was
responsible for randomization. Group I received 1.0 mg/kg lidocaine (Group I n=33), Group II received 0.5 pg/kg
fentanyl (Group II n=34) and, Group III received placebo [equal volume of 0.9% saline] (Group III n=33), one
minute before the IV administration of 2 ng/kg fentanyl during induction of general anesthesia.

2.7. Statistical methods

Descriptive statistics were reported as mean (standard deviation) or median (interquartile range, IQR) for continuous
variables and as frequency (percentage) for categorical variables. For comparisons of patients in intervention arms
vs those in control group, chi-square tests were used to compare categorical variables. One way ANOVA and
Kruskal-Wallis test were used to compare continuous variables, as appropriate. Multivariable logistic regression
models were fit to explore the association between each intervention and control group with the presence of cough.
The model was then adjusted for demographic characteristics (age, sex, weight) as potential confounder variables.
Next, we adjusted for other covariates (So02, systolic blood pressure, heart rate). STATA software version 13 was
used for analysis. Statistical significance was defined using a 2-sided p-value <0.05 for all analyses.

2.8. Research ethics

The project was reviewed and approved by Urmia University of Medical Sciences Institutional Board. Medical
ethics research committee of Urmia Medical Sciences University also approved the design of study (Ref. no.:
IR.UMSU.REC.1394.386). This study was restarted in the Iranian Registry Clinical Trial (irct.ir) with IRCT number
2016112027677N5. The aim of the study and possible harm were explained to each participants’ parents. Parents
signed the consent form to confirm their awareness of all procedures.

3. Results

One hundred patients participated in this study. There was no statistically significant difference in patients’
characteristics across three groups (Table 1). Comparing the mean of blood pressure (BP), heart rate (HR) and
saturated pressure of oxygen (SpO.) before and after drug injection, showed no statistical differences. The placebo
group was more likely to have cough (54.5%). In Group II, 32.4% (11patients) had cough, whereas, in Group I,
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21.2% (7 patients) had cough. There was a significant difference in the occurrence of cough across three groups (p =
0.02). The results of the study also showed a significant difference in the incidence of cough between the first and
the third groups (p=0.005) and between the second and the third groups (p=0.045) as seen in Table 2. No statistically
significant differences have been detected between group one and two (p=0.07). The severity of cough was
significantly higher in Group III compared to Group I and Group II (50% vs. 14.3%, 27.3% respectively, p<<0.016).
As shown in Table 2, there was no significant difference between Group I and Group II in this regard (p>0.05).
Furthermore, the time of onset of cough was similar across all groups (Table 2). None of the patients in the three
groups suffered from hypoxemia, desaturation, apnea, truncal rigidity or other adverse effects. We examined the
association of each intervention and presenting cough by using logistic regression analysis. As shown in Table 2, the
first unadjusted model showed a lower odds of cough incidence associated with the intervention group (Group I OR:
0.78, 95% CI: 0.39-0.91; and Group II OR: 0.83, 95% CI: 0.41-0.85; Table 3). A similar result was found after
adjusting for demographic variables (age, sex, weight,). Further adjustment for clinical characteristics (SpO-, blood
pressure, and heart rate) did not meaningfully change the association (Table 2).

Table 1. Baseline demographic and clinical characteristics among patients

Characteristics Group I (n=33) | Group II (n=34) | Group III (n=33) | p-value
Age (year); Mean+SD 4.39+2.99 4.38+2.67 5.00+3.41 0.63
Weight (kg); MeantSD 18.84+7.96 20.53+1.27 18.35+7.11 0.47
Heart rate (beat/min); Mean+SD 123.78420.27 | 121.79£9.15 124.24+16.93 0.803
SpO; (%); Mean+SD 97.27+1.52 124.32+5.2 97.60+1.72 0.07
Systolic blood pressure (mmHg); Mean+SD | 123.03=14.37 122.35+£14.32 123.17£13.36 0.96

% Male (95% CI) 75 (45-89) 73 (41-87) 78 (53-95) 0.88

SPO;: Saturated o, pressure

Table 2. Comparing the frequency of cough, cough severity, and time of cough onset after fentanyl

Study Groups Group I (n=33) | Group II (n=34) | Group Il (n=33) | p-value
Incidence of cough (%) 21.2 (17.3-4.8) | 32.4(21.3-41.6) | 54.5(47.3-60.0) | 0.02
Onset of cough (sec) 4.57£2.87 5.9 £2.07 5.94+2.95 0.4
Severity of cough (%) | Mild 71.4 (60.4-80.5) | 45.5(37.4-59.9) | 22.2 (17.6-30.2) | 0.01
Moderate | 14.3 (11.0-18.3) | 27.3 (21.2-33.8) | 27.8 (22.3-36.4)
Sever 143 (11.0-18) | 27.3(21.2-33.8) | 50 (43.7-55.6)

Data are presented as Mean+SD or 95% CI

Table 3. Results of multivariable adjusted logistic regression examining the incidence of cough among study groups

Study group Unadjusted socio-demographic adjusted | clinical covariates
adjusted
Placebo OR (95% CI) p-value | OR (95% CI) p-value | OR (95% CI) p-value
Group 1 0.78 (0.39-0.91) | 0.01 0.77 (0.37-0.90) | 0.01 0.78 (0.39-0.90) | 0.001
Group 11 0.83(0.41-0.85) | 0.02 0.80 (90.45-0.87) | 0.02 0.81(0.40-0.83) | 0.02
Male Gender 1.65(0.84-3.12) | 0.22 1.10 (0.44-2.72) | 0.18
Age (year) 1.2 (0.88-7.1) 0.21 1.22 (0.56-2.62) | 0.60
Weight (Kg) 1.46 (0.68-3.2) | 0.32 2.05 (0.89-4.72) | 0.08
Saturated Oz (%) 1.65(0.84-3.12) | 0.22
Heart rate (beat/min) 1.64 (0.75-3.44) | 0.24
Systolic blood pressure 2.1(0.89-4.78) | 0.18
(mmHg)

OR: Odds Ratio

4. Discussion

Induction of general anesthesia with fentanyl usually causes fentanyl-induced cough (FIC), especially in children (1,
6). In this study we assessed both lidocaine and fentanyl in suppression of FIC in children and compared these two
drugs with each other which, before this time, had not been done. We demonstrated that pre-treatment with 1 mg/kg
of lidocaine, or 0.5 mg/kg of fentanyl one minute prior to fentanyl administration is an efficient approach to
suppress fentanyl-induced cough compared to placebo. At first our study showed that administration of 2ug/kg
fentanyl induced cough reflex in 54.5% of patients in the placebo group that was higher than a previous report
(43.4%) by Gecaj-Gashi et al. (9). This discrepancy may be due to the different speeds of fentanyl injection or the
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injected dose of fentanyl in two studies (3, 14). But incidence of FIC in lidocaine group between our study and
similar study was almost equal (22.6% versus 21.2%). It is still not clear how lidocaine suppresses cough after
injection of fentanyl, but it has been proposed that cough suppression can be induced by depression of brain stem
functions. An alternate mechanism is that lidocaine may deactivate peripheral cough receptors in the trachea and
hypopharynx (15). We found that IV lidocaine with a dose of 1mg/kg can markedly (78.8%) prevent fentanyl-
induced cough in pediatric patients during induction of general anesthesia.

As already mentioned, the interventions regarding effects of priming the dose of fentanyl on FIC have been
performed only between adult patients, for this reason we studied the effect of priming low dose fentanyl on
incidence of FIC in children. Therefore, based on previous published results by Gu et al. (12), we have
accomplished a similar study on a child population and found that administration of low dose fentanyl (0.5 pg/kg) as
pretreatment dose, can be effective in suppression of FIC in pediatric patients (32.4%), as well as adults (12).
Fentanyl was categorized as an antitussive drug due to its ability to inhibit the mu receptor in the lung (peripherally
action), and suppress the cough center in the medulla oblongata (centrally action) (16, 17), but this drug frequently
elicits cough within a few seconds after drug injection. Precise mechanisms of FIC have not been clearly defined.
Some suggestions include: 1) A pulmonary chemoreflex, mediated by either irritant-receptors [rapidly adapting
receptors] or by vagal C-fiber receptors that are in proximity to pulmonary vessels (juxta-capillary receptors) (3); 2)
Irritant receptors stimulation in the upper pulmonary mucosa secondary to fentanyl induced tracheal smooth muscle
constriction (18); 3) Histamine release from lung mast cells (19); 4) Sudden adduction of the vocal cords or
supraglottic obstruction by soft tissue induced by opioid causing muscle rigidity (20). Based on some opinions, FIC
in children could be related to the intensive action of the irritant receptor (rapidly adapting receptors), which
interpose the pulmonary chemoreflex in the tracheal smooth muscle. Also, the decreasing number of rapidly
adapting receptors with age in an animal study was demonstrated (21, 22). This action has probably been
accomplished by the releasing of neurotransmitters that do not reach the threshold to induce cough. However, based
on some studies, administrating the higher dose of fentanyl may cause an exhaustion of these neurotransmitters
which lead to reduction of cough frequency (12, 23). With this research, we found that injection of 0.5 pg/kg
fentanyl as a priming dose can diminish the rate of FIC by 70% in children. (12, 13). In our study, frequency of FIC
in the fentanyl group was a little more than in the lidocaine group (32.4% versus 22.6%) but this difference was not
significant and even severity of cough between two groups was similar. Thus, this indicates that both fentanyl and
lidocaine can supress FIC in children, with high efficacy. Most of the trials have reported smooth and benign cough,
which is consistent with our patients’ outcomes (6, 9, 19, 24), but Tweed and Dakin (4) reported a manifestation of
an explosive cough in a 7-yr-old boy with Down syndrome due to injection of IV fentanyl (2 pg/kg) that led to
periorbital petechial and it subsided only after induction of general anesthesia. Also, Ambesh et al. (5) described a
12-year-old patient (case of arteriovenous malformation of tongue and oropharynx) with an intensive cough after
prescribing 50 pg of IV fentanyl that caused acute airway obstruction and severe hypoxia because of massive
swelling of the tongue and hypopharynx. Thus with this research, we came to the conclusion that use of fentanyl or
lidocaine for prevention of FIC in high risk pediatric patients could be very useful. This study had some limitations
which affect the interpretation of these data. First, there are only three groups in our study and we could not
determine the effect of different dosages of lidocaine or fentanyl on FIC. Second, there have been few studies
concerning the prevention of FIC in children. Thus, additional RCTs are needed.

5. Conclusions

Based on this study, we conclude that both pretreatment doses of fentanyl and lidocaine can equally supress fentanyl
induced cough in children. We suggest additional study for the assessment of different priming doses of fentanyl or
lidocaine for prevention of FIC during induction of general anesthesia in pediatric settings.
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